ABBREVIATIONS ADR = adverse drug reaction; AE = adverse event; ALT = alanine aminotransferase; AUC last = area under the serum concentration-time curve from baseline to last sampling time; C max = maximum serum concentration; IgE = immunoglobulin E; LDH = lumbar disc herniation; ODI = Oswestry Disability Index; SLR = straight leg raise; T max = time to reach maximum serum concentration; VAS = visual analog scale. OBJECTIVE Chemonucleolysis with condoliase has the potential to be a new, less invasive therapeutic option for patients with lumbar disc herniation (LDH). The aim of the present study was to determine the most suitable therapeutic dose of condoliase. METHODS Patients between 20 and 70 years of age with unilateral leg pain, positive findings on the straight leg raise test, and LDH were recruited. All eligible patients were randomly assigned to receive condoliase (1.25, 2.5, or 5 U) or placebo. The primary end point was a change in the worst leg pain from preadministration (baseline) to week 13. The secondary end points were changes from baseline in the following items: worst back pain, Oswestry Disability Index (ODI), SF-36, and neurological examination. For pharmacokinetic and pharmacodynamic analyses, plasma condoliase concentrations and serum keratan sulfate concentrations were measured. The safety end points were adverse events (AEs) and radiographic and MRI parameters. Data on leg pain, back pain, abnormal neurological findings, and imaging parameters were collected until week 52. RESULTS A total of 194 patients received an injection of condoliase or placebo. The mean change in worst leg pain from baseline to week 13 was -31.7 mm (placebo), -46.7 mm (1.25 U), -41.1 mm (2.5 U), and -47.6 mm (5 U). The differences were significant at week 13 in the 1.25-U group (-14.9 mm; 95% CI -28.4 to -1.4 mm; p = 0.03) and 5-U group (-15.9 mm; 95% CI -29.0 to -2.7 mm; p = 0.01) compared with the placebo group. The dose-response improvement in the worst leg pain at week 13 was not significant (p = 0.14). The decrease in the worst leg pain in all 3 condoliase groups was observed from week 1 through week 52. Regarding the other end points, the worst back pain and results of the straight leg raise test, ODI, and SF-36 showed a tendency for sustained improvement in each of the condoliase groups until week 52. In all patients at all time points, plasma condoliase concentrations were below the detectable limit (< 100 μU/ml). Serum keratan sulfate concentrations significantly increased from baseline to 6 hours and 6 weeks after administration in all 3 condoliase groups. No patient died or developed anaphylaxis or neurological sequelae. Five serious AEs occurred in 5 patients (3 patients in the condoliase groups and 2 patients in the placebo group), resolved, and were considered unrelated to the investigational drug. Severe AEs occurred in 10 patients in the condoliase groups and resolved or improved. In the condoliase groups, back pain was the most frequent AE. Modic type 1 change and decrease in disc height were frequent imaging findings. Dose-response relationships were observed for the incidence of adverse drug reactions and decrease in disc height. CONCLUSIONS Condoliase significantly improved clinical symptoms in patients with LDH and was well tolerated. While all 3 doses had similar efficacy, the incidence of adverse drug reactions and decrease in disc height were dose dependent, thereby suggesting that 1.25 U would be the recommended clinical dose of condoliase.
L umbar disc herniation (LDH) is a medical condition manifested by symptoms such as leg pain, low-back pain, and numbness resulting from spinal cord and nerve root compression through the protrusion of intervertebral disc tissue into the spinal canal. 12 Because LDH frequently occurs in 20-to 40-year-old working adults, the social and financial losses caused by restricted daily activities are substantial problems. 26 LDH is generally treated conservatively, and approximately 90% of patients can be cured with conservative treatment. 11, 13 Surgery is only recommended when symptoms do not improve with conservative treatment. Less invasive surgical techniques were recently introduced to reduce the physical and psychological burdens on patients and thereby achieve early rehabilitation. 2, 3, 30 However, these procedures require a high degree of skill and have a long learning curve. 27 The high initial cost of new equipment, including endoscopes, also limits the opportunities for medical institutions to offer these less invasive options to patients.
Chemonucleolysis involves the injection of an enzyme into the intervertebral disc to dissolve the nucleus pulposus, 29 thereby reducing intradiscal pressure on the nerve root and improving LDH symptoms. This treatment is considered an intermediate treatment for LDH and falls between conservative treatment and surgical treatment. 9 Condoliase (chondroitin sulfate ABC endolyase) is a pure mucopolysaccharidase derived from the gram-negative rod Proteus vulgaris. 29 Condoliase has high substrate specificity for chondroitin sulfate and hyaluronic acid, which are glycosaminoglycans on proteoglycans that are abundant in the nucleus pulposus of the intervertebral disc, and lacks protease activity. 10 Therefore, condoliase has the potential to become a safe and effective chemonucleolysis drug.
We previously conducted the first clinical study of condoliase in patients with LDH in Japan and reported the results of the study. 17 In the present randomized, double-blind, placebo-controlled study, we investigated the most suitable therapeutic dose of condoliase by evaluating its pharmacokinetics, efficacy, and safety in patients with LDH.
Methods

Study Design
The study was a randomized, double-blind, placebocontrolled, multicenter clinical trial conducted at 38 medical institutions in Japan (clinical trial registration no. NCT00634946, clinicaltrials.gov). The institutional review board at each study site approved the study. All patients provided written informed consent.
Patients were recruited through a rigorous selection process and received an intradiscal injection of condoliase or placebo. The pharmacokinetics, pharmacodynamics, efficacy, and safety of condoliase were evaluated during a 13-week period after administration. The patients were followed for 52 weeks after administration to evaluate the long-term efficacy and safety of condoliase in the intervertebral disc and its surrounding tissues.
Patient Population
Patients between 20 and 70 years of age were included if they had 1) unilateral leg pain and positive findings on the straight leg raise (SLR) test (≤ 70°); 2) a contained LDH (i.e., protrusion or subligamentous extrusion) 28 at L4-5, L5-6, or L5-S1 verified on MR images; 3) neurological signs consistent with the distribution of compressed nerve roots; 4) no improvement after adequate conservative treatment for ≥ 6 weeks; and 5) a mean visual analog scale (VAS) score of ≥ 50 mm for the worst leg pain over 7 consecutive days before enrollment.
Patients were excluded if they 1) had a positive prick reaction to condoliase, 2) had LDH at 2 or more levels on MR images, 3) had undergone previous lumbar surgery, 4) had a nerve root block less than 3 weeks prior to the time of informed consent, 5) had severe and rapidly progressing neurological deficits (e.g., cauda equina syndrome), 6) had other lumbar spine diseases, 7) were pregnant or breastfeeding, 8) had a body mass index of ≥ 35.0 kg/m 2 , 9) were receiving workers' compensation, or 10) had spinal instability including a posterior intervertebral angle of ≥ 5° on lateral flexion radiographs or vertebral translation of ≥ 3 mm on flexion-extension radiographs.
Randomization
All eligible patients were randomly assigned to receive condoliase (1.25, 2.5, or 5 U) or placebo in equal proportions using a minimization protocol. 23 All patients and investigators were unaware of the study group assignments.
Blinding
The study was conducted in a double-blind manner, with no information on treatment assignment provided to the investigators, patients, or radiologists in the central imaging facility. The appearance, preparation method, and injection procedure for condoliase and placebo were identical. The pharmacokinetic and pharmacodynamic data and anticondoliase antibody titers were not disclosed throughout the study period to prevent unblinding.
Intervention
Both condoliase and placebo were lyophilized white powders with identical appearances in vials, with the latter containing all components except for condoliase. Each vial was reconstituted with 4 ml of saline to prepare a solution for injection containing condoliase (1.25, 2.5, or 5 U/ml) or placebo. There were no differences in color or viscosity between condoliase and placebo after reconstitution.
Under fluoroscopy, a single 1-ml dose of condoliase or placebo was injected into the center of the nucleus pulposus of an intervertebral disc using a 21-to 23-gauge puncture needle as the patient was lying in a lateral recumbent or prone position. All injections were performed by registered board-certified spine surgeons who were well trained in the intradiscal injection technique. The use of general anesthesia, contrast medium, and midline dural puncture was prohibited. To counteract potential anaphylaxis, an intravenous line was established prior to administration.
All patients were hospitalized for 2 days, including the day of administration; discharged after the 2-day hospital stay; and seen in outpatient clinics at weeks 1, 2, 4, 6, 13, 26, 39, and 52.
Conservative Treatment
All patients continued to receive the same conservative treatment that they were receiving at the time of providing informed consent to reflect the actual clinical settings. If necessary, additional conservative treatment was allowed to treat worsening of leg pain or exacerbation of neurological symptoms at the discretion of the investigator. Patients who underwent nerve root blocks or surgery after administration were withdrawn from the study.
Outcome Measures
The primary end point was a change in the worst leg pain 15 during the previous 24 hours from preadministration (baseline) to week 13. Patients assessed their own pain levels before going to bed. Pain intensity was measured on a horizontal 100-mm VAS, with 0 mm representing "no pain" and 100 mm representing "worst pain ever experienced." The preadministration VAS was measured on the last 7 consecutive days before patient enrollment, and VAS at week 13 was measured on the last 7 consecutive days before observation. This primary end point was selected because leg pain is the main symptom that afflicts patients with LDH, and the efficacy of conservative treatment is usually assessed at approximately 3 months to determine whether surgery is necessary. The secondary end points were changes from baseline in the following items: worst back pain, Oswestry Disability Index (ODI), 6 ,7 SF-36, 8 neurological examinations (positive findings on SLR test, hypesthesia, muscle weakness, and deep-tendon hyporeflexia), volume of intervertebral disc and herniated mass, and disc height.
Safety end points were adverse events (AEs), vital signs, laboratory parameters, anticondoliase antibody titers, and imaging parameters (change in disc height, posterior intervertebral angle, vertebral body translation, change in Modic classification, 19 and change in Pfirrmann classification 21, 22 ). We rated the seriousness and severity of each AE and assessed its relationship with the investigational drug (condoliase or placebo). All AE data were collected through week 13. Data on leg pain, back pain, abnormal neurological findings, and imaging parameters were collected through week 52 to evaluate the long-term effects of condoliase. Imaging parameters were tabulated as the frequency of the imaging findings based on the following criteria: 1) ≥ 30% decrease in disc height, 2) posterior intervertebral angle ≥ 5°, 3) vertebral body translation ≥ 3 mm, 4) change in Modic classification, and 5) change in Pfirrmann classification. All imaging parameters were collected and analyzed independently at the central imaging facility.
Measurement of Imaging Parameters
Radiographs and MR images were obtained at each study site according to the protocol provided by the central imaging facility. The acquired images were sent to, processed by, and evaluated at the central imaging facility as described below.
Disc height was calculated on lateral neutral radiographs using the following equation: disc height = (anterior disc height + posterior disc height)/(2 × upper vertebral body height) (Fig. 1A) . The posterior intervertebral angle was defined as the angle between the vertebral endplates adjacent to the injected intervertebral disc on a lateral flexion radiograph (Fig. 1B) . Vertebral translation was defined as the absolute difference in the distance between the posterior edges of the upper and lower vertebral bodies adjacent to the injected intervertebral disc on a lateral flexion-extension radiograph (Fig. 1C) . The volumes of the intervertebral disc and herniated mass were measured using continuous sagittal T2-weighted MRI. 5 Signal changes in the vertebral body adjacent to the cartilage endplates and the degree of intervertebral disc degeneration were assessed on MR images by using the Modic classification and Pfirrmann classification, respectively.
Pharmacokinetics and Pharmacodynamics
All patients who were administered condoliase or placebo were subjected to blood sampling. Blood samples were collected before administration; at 6, 24, and 48 hours after administration; and at weeks 1, 2, 6, and 13. For pharmacokinetic analysis, the plasma condoliase concentrations were determined using a validated condoliase enzyme activity assay before administration, at 6 and 48 hours after administration, and at weeks 1, 6, and 13. For pharmacodynamic analysis, the serum keratan sulfate concentrations were determined using a validated enzyme-linked immunosorbent assay at all sampling times. The maximum serum concentration (C max ), area under the serum concentration-time curve from baseline to last sampling time (AUC last ), and time to reach C max (T max ) were calculated for the serum keratan sulfate concentration and change in serum keratan sulfate concentration by using the noncompartmental method using SAS software (version 9.1, SAS Institute).
Statistical Analysis
Power analysis determined that a sample size of 46 patients per treatment group was necessary to detect a difference of 21 mm in the worst leg pain at week 13 between the condoliase and placebo groups with 90% power and 2-sided significance of 0.05 using the Dunnett test.
Pharmacokinetic, pharmacodynamic, and efficacy analyses were performed for all randomized patients who received the investigational drug and had at least 1 postadministration assessment. The dose-response relationships of C max and AUC last were evaluated using the power model and ANOVA.
The primary and secondary efficacy end points were analyzed using the ANCOVA model with the Dunnett test. Covariates, except for the baseline values of the end points, were selected using a stepwise method from the factors that showed a difference between treatment groups. Neurological examinations were analyzed using the Steel test. Missing values were imputed using the last observation carried forward method. The Jonckheere-Terpstra test was used to evaluate trends among treatment groups. Safety analyses were performed on all randomized patients who received the investigational drug. Trends in the incidences of AEs were analyzed by using the CochranArmitage test. All analyses were performed using SAS software (version 9.2, SAS Institute).
Results
Patient Characteristics
A flowchart illustrating patient enrollment is shown in Fig. 2 . A total of 266 patients were screened between February 2008 and August 2009. Of these 266 patients, 195 were eligible and randomly assigned to one of the 4 groups (placebo or 1.25-, 2.5-, or 5-U condoliase groups). An investigational drug was administered to 194 of 195 enrolled patients (1 patient in the 2.5-U group did not receive the designated injection). Of these 194 patients, 176 completed evaluations at week 13, and 147 patients completed evaluations at week 52. Some intergroup differences were observed in age, number of current smokers, and worst back pain (Table 1) .
Pharmacokinetics and Pharmacodynamics
In all patients treated with condoliase, the plasma condoliase concentrations were below the lower limit of detection (< 100 μU/ml) at all time points.
The serum keratan sulfate concentrations significantly increased from 6 hours through 6 weeks after administration in all condoliase groups (Fig. 3) . The median T max was 1.9 days in the 3 condoliase groups (1.25, 2.5, and 5 U). Regarding changes in the serum keratan sulfate concentrations in the placebo and 1.25-U, 2.5-U, and 5-U groups, the geometrical mean values of C max were 42.483, 148.311, 181.554, and 218.285 ng/ml, and the geometrical mean values of AUC last were 1727.644, 3163.450, 3486.067, and 5656.195 ng·day/ml, respectively. Dose-response relationships were observed for both C max and AUC last with 95% CIs for their slopes of 0.08-0.48 and 0.10-0.74, respectively (p < 0.001 and p = 0.001, respectively, ANOVA).
Efficacy
The change in the worst leg pain from 24 hours before baseline to week 13 was -31.7 mm in the placebo group, -46.7 mm in the 1.25-U group, -41.1 mm in the 2.5-U group, and -47.6 mm in the 5-U group. The differences were -14.9 mm (95% CI -28.4 to -1.4 mm; p = 0.03) in the 1.25-U group, -9.3 mm (95% CI -22.7 to 4.0 mm; p = 0.23) in the 2.5-U group, and -15.9 mm (95% CI -29.0 to -2.7 mm; p = 0.01) in the 5-U group compared with the placebo group (Fig. 4) , with significant differences observed for the 1.25-U and 5-U groups. The dose-response improvement in worst leg pain at week 13 was not significant (p = 0.14).
The results for the secondary end-point analyses at week 13 after administration are shown in Table 2 . Differences in the SLR test results were significant for the 1.25-U group (p = 0.005) and 5-U group (p = 0.02) compared with the placebo group. Although the improvements in worst back pain, ODI, and SF-36 were not significant, they were considerably and consistently greater in all 3 condoliase groups compared with the placebo group. Changes in objective assessment data, decrease in disc height, and change in intervertebral disc volume were dose responsive and significant in all 3 condoliase groups compared with the placebo group (p < 0.001 for each). Although no statistically significant difference was noted between treatment groups regarding the change in the volume of the herniated mass, a greater change was observed in the condoliase groups compared with the placebo group.
Negative correlations were observed between the decrease in disc height, the change in intervertebral disc volume, and the C max and AUC last values for changes in serum keratan sulfate concentrations at week 13. Pearson's correlation coefficients were −0.43 between change in intervertebral disc volume and C max and −0.27 between change in intervertebral disc volume and AUC last . Pearson's correlation coefficients were −0.40 between decrease in disc height and C max and −0.32 between decrease in disc height and AUC last .
The time course for the mean worst leg pain indicated that the decrease in worst leg pain in all 3 condoliase groups began at an early point after administration, with the decreases from week 1 to week 52 being consistently and significantly higher in the 1.25-U and 5-U groups compared with the placebo group. There were no significant differences in the time courses of worst leg pain after administration among the 3 condoliase groups (Fig. 5A) . Regarding the other end points, the time courses of the mean worst back pain and percentage change in imaging parameters showed similar trends as the mean worst leg pain, with a tendency for sustained improvement in each of the condoliase groups through week 52 ( Fig. 5B and C) . Regarding the neurological findings, the percentage of patients who had negative neurological signs also increased over time to 52% beyond week 13 in each group. The percentages of patients with a negative SLR test finding at week 52 were 81.3% in the placebo group and 87.2% to 97.4% in the condoliase groups.
Safety
The AEs observed during the study period at week 52 are shown in Table 3 . A dose-response relationship was observed in the incidence of adverse drug reactions (ADRs) by treatment group (46.9% for the 1.25-U group, 44.9% for the 2.5-U group, and 61.2% for the 5-U group; p < 0.001). No patient died or dropped out of the study because of AEs. Five serious AEs occurred in 5 patients (3 patients in the condoliase groups had intervertebral disc protrusion, pneumothorax, and hemorrhoids [1 patient each], and 2 patients in the placebo group had convulsion and duodenal ulcer [1 patient each]). All of these serious AEs resolved and were considered to be unrelated to the investigational drug. The intervertebral disc protrusion was a herniation of an intervertebral disc of the lumbar spine (not at the injection site) caused by an external stress (a fall from height at the workplace) 358 days after administration, and resolved 14 days after occurrence after discectomy was performed. Pneumothorax occurred 18 days after administration and was surgically resolved 12 days after occurrence. Hemorrhoids occurred 42 days after administration and resolved 45 days after treatment with hemorrhoidectomy. Severe AEs occurred in 10 patients in the condoliase groups (abnormal hepatic function, intervertebral disc protrusion, lymphadenitis, pneumothorax, hemorrhoids, increase in blood triglyceride level, increase in alanine aminotransferase [ALT] level, and increase in body weight in 1 patient each and decrease in neutrophil count in 2 patients), but all of these resolved or improved. No patient who received condoliase required prolongation of existing hospitalization for treatment of AEs. Intervertebral disc protrusion, pneumothorax, and hemorrhoids were the same events as described above. The investigators considered 2 severe AEs in the 2.5-U group to be related to condoliase (one patient with a decreased neutrophil count and the MCS = mental component summary; PCS = physical component summary. * Patients assessed their own pain levels before going to bed. The intensity of pain was measured on a horizontal 100-mm VAS, with 0 mm representing "no pain" and 100 mm representing "worst pain ever experienced." VAS at baseline was measured on the last 7 consecutive days before patient enrollment. † The scale ranged from 0 to 100, with a higher score indicating more severe symptoms. ‡ PCS and MCS were scored as having a mean (SD) of 50 (10) 
FIG. 4.
Effects of condoliase on the worst leg pain. Patients assessed their own pain levels before going to bed. The intensity of pain was measured on a horizontal 100-mm VAS, with 0 mm representing "no pain" and 100 mm representing "worst pain ever experienced." Changes in the worst leg pain from preadministration to week 13 are shown. Data represent least-squares means and 95% confidence intervals (whiskers). VAS at preadministration was measured on the last 7 consecutive days before patient enrollment, and VAS at week 13 was measured on the last 7 consecutive days before observation. VAS values were analyzed by using ANCOVA, and missing values were imputed using the last observation carried forward method. 79 U/L before administration to 239 U/L at 63 days after administration. Other severe AEs were considered by the investigator to be unrelated to the investigational drug. The details of the other events are as follows: For abnormal hepatic function, ALT, aspartate aminotransferase, and lactate dehydrogenase gradually increased 7 days after administration and recovered to normal values after discontinuation of concomitant drugs. For the decrease in neutrophil count, the count decreased to 0.99 × 10 3 /μl 7 days after administration and recovered 36 days after occurrence. For the increase in blood triglyceride level, the level increased to 1363 mg/dl 43 days after administration and recovered 22 days after occurrence without special treatment. For the increase in the ALT level, the level increased to 137 U/L 38 days after administration and recovered about 300 days after occurrence. For the increase in body weight, it increased by 20% or more at 97 days after administration compared with that measured before administration.
Back pain was the most common AE in the condoliase groups, with an incidence of 26.5% to 36.7%, and occurred within 1 week of administration in most cases and resolved within 1 month. Severity was mild to moderate in all patients. Allergy-like symptoms were observed in 4 patients in the condoliase groups. All 4 AEs were moderate, occurred within 2 days of administration, and resolved after drug treatment.
No patient exhibited elevated serum anticondoliase immunoglobulin E (IgE) antibody titers. Two patients in the 2.5-U and 5-U groups exhibited elevated serum anticondoliase IgG antibody titers. Imaging findings observed during the study period at week 52 are shown in Table 4 . Modic type 1 change, decrease of ≥ 30% in disc height, change in Pfirrmann classification grade, and posterior intervertebral angle of ≥ 5° were frequently observed in the condoliase groups. The proportions of patients with a decrease of ≥ 30% in disc height (15.4% in the 1.25-U group, 12.8% in the 2.5-U group, and 24.3% in the 5-U group) and a change in disc height (-16.4% in the 1.25-U group, -17.2% in the 2.5-U group, and -20.4% in the 5-U group) were dose responsive (p < 0.001 for each). There was no increase in the incidence of leg pain or back pain that accompanied these imaging findings.
Illustrative Case
We present a typical case of Modic type 1 change and decrease in disc height as follows. A 29-year-old man with L5-6 disc herniation presented with right-leg pain consistent with the distribution of compressed nerve roots (Fig.  6 upper) . After he received an intradiscal injection of 2.5 U of condoliase, Modic type 1 change occurred and lasted from week 6 to week 52 (Fig. 6 lower) . The change in disc height from baseline was -32.0% at week 52, and hernia- . VAS at preadministration was measured on the last 7 consecutive days before patient enrollment, VAS from the day of administration to week 6 was consecutively measured, VAS at week 13 was measured on the last 7 consecutive days before observation, and VAS at weeks 26, 39, and 52 was measured on the day before observation.
tion was reduced after injection. His leg pain and back pain almost vanished the day after injection. The patient completed the study without any clinically important AEs.
Discussion
The present study was conducted to determine the most suitable therapeutic dose for condoliase injection into the nucleus pulposus of the intervertebral disc by evaluating its pharmacokinetics, efficacy, and safety compared with placebo injection.
The change in the serum concentration of keratan sulfate, a component of the nucleus pulposus, showed negative correlations with intervertebral disc volume and disc height. These findings suggest that the serum keratan sulfate concentration is a parameter associated with the dissolution of the nucleus pulposus. A significant increase in the serum keratan sulfate concentration was observed up to week 6 after administration. Meanwhile, improvement in worst leg pain lasted for at least 1 year after administration. Therefore, improvement in LDH symptoms by condoliase treatment was considered to last beyond the disappearance of the nucleus pulposus-dissolving effect.
The difference in the change in the VAS score for leg pain, from screening to week 13, between the 1.25-U and 5-U condoliase groups and the placebo group was about 15 mm. In a randomized clinical trial that compared outcomes after herniation surgery versus conservative treatment in LDH patients, the difference between groups at 4-8 weeks after treatment was a maximum of 20 mm. 20 Although no direct comparison with herniation surgery was performed, the 15-mm difference from the placebo group observed at week 13 in this study, which is the primary end point, is considered significantly meaningful because no large difference was noted compared with the value for herniation surgery. In addition, with regard to the secondary end point, although no statistically significant difference with the placebo group was noted, the VAS scores for leg pain and back pain in both condoliase groups decreased to 30 mm or lower at week 13, thus indicating that condoliase improved pain to levels that were clinically insignificant. 4 In addition, the ODI in each condoliase group improved to a level close to that considered to represent minimal disability. 7 Based on these results, it was concluded that the effect of condoliase is clinically meaningful. The long-term efficacy of condoliase must be determined in the future by evaluating the persistence of improvement in leg pain and quality of life over 1 year after administration and the herniation recurrence rate.
Regarding safety, no deaths, clinically important AEs, or AEs requiring prolongation of the existing 2-day hospitalization to ensure patient safety were seen. No elevations in serum anticondoliase IgE antibody titers were observed, and anaphylaxis did not occur in the present study. In a study on chemonucleolysis with chymopapain, a proteolytic enzyme, anaphylaxis occurred in 0.5% of patients after administration. 25 Because condoliase is also a foreign protein, 29 the risk of anaphylaxis cannot be excluded. Because chymopapain is derived from papain, which is widely used as a meat tenderizer, 16, 24 sensitization may be more common for chymopapain, while the possibility of similar sensitization to condoliase may be low. However, further information needs to be collected from more patients to fully evaluate its safety.
Regarding the changes in the vertebral body and its surrounding tissues, Modic type 1 change and progression of intervertebral disc degeneration occurred at a high frequency in the condoliase groups, and the number of patients with a decrease of ≥ 30% in disc height increased in a dose-dependent manner. While some previous studies found that these imaging findings were associated with back pain, 1, 14, 18, 31 no clear relationships between imaging findings and the occurrence of clinical symptoms were Values are presented as number (%). * A serious AE was any event that occurred during the study period, whether or not it was related to the investigational drug, that resulted in death, was considered life-threatening, required inpatient hospitalization or prolongation of existing hospitalization for treatment, resulted in persistent or significant disability or incapacity, resulted in a congenital anomaly or birth defect, or caused other events or reactions that were considered medically significant. In the condoliase groups, intervertebral disc protrusion occurred in 1 patient (1.25-U condoliase group) and pneumothorax and hemorrhoids occurred in 1 patient each (2.5-U condoliase group). In the placebo group, convulsion and duodenal ulcer occurred in 1 patient each. † A severe AE was defined as any event that was disabling or required systemic treatment (Common Terminology Criteria for Adverse Events grade 3 or 4). In the condoliase groups, abnormal hepatic function, intervertebral disc protrusion, and decrease in neutrophil count occurred in 1 patient each (1.25-U condoliase group); lymphadenitis, pneumothorax, hemorrhoids, decrease in neutrophil count, and increase in blood triglyceride level occurred in 1 patient each (2.5-U condoliase group); and increase in ALT level and increase in body weight occurred in 1 patient each (5-U condoliase group). ‡ Common AEs occurred in ≥ 5% of patients in the condoliase groups. § In the condoliase groups, urticaria and toxic skin eruption occurred in 1 patient each (1.25-U condoliase group); drug eruption occurred in 1 patient (2.5-U condoliase group); and rash occurred in 1 patient (5-U condoliase group). In the placebo group, rash occurred in 1 patient.
observed in the present study. However, because these imaging findings were considered condoliase related, the long-term effects of condoliase on the vertebral body and its surrounding tissues should be further examined. In our previous study, 17 improvements in worst leg pain and neurological symptoms were not clinically sufficient at 0.5-U condoliase doses. In the present dose-finding study, the efficacies of the 3 doses of condoliase (1.25, 2.5, and 5 U) were equivalent and clinically meaningful. However, dose-response relationships were observed for the incidence of ADRs and changes in imaging parameters, such as decrease in disc height. Therefore, we consider 1.25 U to be a suitable therapeutic dose of condoliase.
Condoliase administration involves the same technique as discography, but it is less invasive and no clinically important AEs occurred during the present study. We believe that condoliase will contribute to patients with LDH achieving an early return to work, given that LDH frequently occurs in working adults.
Conclusions
The present study demonstrates that condoliase was superior to placebo and significantly improved leg pain. Regarding safety, condoliase was well tolerated and did not cause any serious ADRs. While the 1.25-, 2.5-, and 5-U groups showed similar efficacies, the incidence of ADRs and decrease in disc height were dose dependent. Therefore, we concluded that 1.25 U would be the most suitable therapeutic dose of condoliase for patients with LDH.
